Parallaxes are presented for a sample of 20 nearby dwarf carbon stars. The inferred luminosities cover almost two orders of magnitude. Their absolute magnitudes and tangential velocities confirm prior expectations that some originate in the Galactic disk, although more than half of this sample are halo stars. Three stars are found to be astrometric binaries, and orbital elements are determined; their semimajor axes are 1-3 AU, consistent with the size of an AGB mass-transfer donor star.
INTRODUCTION
Distances, absolute magnitudes, and luminosities for the dwarf carbon (dC) stars are uncertain. They tend to be faint, and at sufficiently large distances, that parallaxes are not easy to measure. To date only three have published parallaxes (Dahn et al. 1977; Harris et al. 1998) ; those three have similar colors and absolute magnitudes. However, properties of the many dwarf carbon stars discovered in recent years (Margon et al. 2002; Downes et al. 2004; Green 2013 ) suggest that they are likely to have a broad range of physical properties, and expectations about their origin (Green & Margon 1994) suggest that they are likely to be produced in both disk and halo populations with a 2.1. Sample
The sample of 20 dC stars in this paper consists of 13 targets taken from the Sloan Digital Sky Survey (SDSS; Fukugita et al. 1996; Gunn et al. 1998 Gunn et al. , 2006 York et al. 2000) and seven targets from other papers in the literature. Three have parallaxes published previously (Harris et al. 1998) , and here we give an improved parallax for two of them (LHS 1075 and CLS 96) , and an entirely new parallax for the third (G77-61). These targets were chosen to be definite dwarfs (as opposed to giant carbon stars) based on their significant proper motions. They were selected to be "nearby" (with distances likely to be within 300 pc) so as to have significant parallaxes; criteria used to select the sample included large proper motion, bright apparent magnitude for a candidate's color, and a range of colors and band strengths so as to include a variety of types of stars. The sample does not include any of the warm, CH-like stars from the SDSS, because the estimated distances for even the brightest were > 500 pc, too distant to get a meaningful parallax measurement.
Astrometry
Images have been taken with the U.S. Naval Observatory's (USNO) 1.55 m Strand Astrometric Reflecting Telescope in Flagstaff, AZ. Descriptions of the telescope, the CCD cameras and filters used here, and the observing and processing procedures are given by Monet et al. (1992) and Dahn et al. (2017) . The astrometric results are given in Table 1 . Column (1) gives the identifying number in the 2MASS Point Source Catalog (Skrutskie et al. 2006) . The 2MASS J number provides an unambiguous link to SIMBAD where many alternate names and much additional information can be found. Column (2) gives alternate names, usually the name by which the star was first identified as a carbon star. Columns (5) and (6) indicate the camera and filter employed for each parallax determination, while Columns (7), (8), and (9) give the number of acceptable CCD frames (observations), the number of separate nights on which those observations were obtained, and the number of reference stars employed in astrometric solutions, respectively. Columns (10) and (11) give the years observed and total epoch range, respectively. The derived relative parallax and its mean (standard) uncertainty are given in Column (12) (throughout this work we refer to the trigonometric parallax angle as π). The relative total proper motion and its uncertainty follow in Column (13), and the position angle of the proper motion is given in Column (14). The error in the position angle reflects the uncertainty in the orientation of the CCD in its dewar, and of the dewar on the telescope. The derived absolute parallax and its uncertainty are presented in Column (15), and the calculated tangential velocities and their uncertainties are given in Column (16).
Many of the 20 stars in this paper are near the faint limit for this observing program and require long exposure times and good seeing. As a consequence, we have obtained fewer observations than desired, some with lower signalto-noise ratio than desired, and the resulting parallax values have larger errors than desired. Nevertheless, the parallaxes are significant for all stars: the fractional error in parallax has a median value of 9%, and ranges from 3% in the best case to 23% in the worst case.
Photometry
Photometry of most of the target stars and their surrounding reference stars was obtained with the USNO 1.0 m and 1.55 m telescopes using Johnson-Cousins BV I filters. These data were used in the astrometric processing above to correct for differential color refraction (DCR). For those fields lacking BV I photometry, gri data from the SDSS database were transformed to BV I using the relations of Ivezić et al. (2007) and then used for the DCR corrections. Photometric data for the 20 dC target stars is given in Table 2 including JHK S from 2MASS.
Binary Orbits
Three stars in this sample, LSPM J0742+4659, LP225-12, and LP758-43, were found to have significant systematic astrometric residuals from the default solution for parallax and proper motion, indicating a periodic perturbation from an unseen binary companion. A solution for the orbit of the photocenter (iterating between the parallax solution with the orbit removed, and the orbit solution with the parallax and proper motion removed) was carried Note- Table 1 is published in machine-readable format.
a Coordinates are from the 2MASS catalog. Table 2 is published in machine-readable format. a Source of BV I photometry.
(1) BV I from CCD measures on the NOFS 1.0 m telescope with estimated errors inflated to allow for significant differences between the spectral energy distributions of dwarf carbon stars and the photometric standard stars employed. (2) BV I from 17 independent measures on the NOFS 1.55 m telescope employing a single channel photoelectric photometer with instrumental response bandpasses well matched to the standard system. (3) BV I from SDSS gri data transformed to the Johnson-Cousins system via the relations presented by Ivezić et al. (2007, Table 7 ) and estimated errors inflated to allow for significant instrument bandpass differences. Table 3 .
out. The results for the parallax and proper motion are given in Table 1 , and for the orbital motion are given in Table 3 and plotted in Figures 1 through 3 . The eccentricity for all three orbits is quite small and, within the observational errors, is consistent with zero. A fourth target G77-61 has been found to be a spectroscopic binary (Dearborn et al. 1986 ), but we
have not yet detected any significant signature of the orbit in the astrometric data. Another example of a dC spectrosopic binary was found among the SDSS carbon stars (Margon et al. 2018) . It is notable for its short orbital period of 2.9 d, much shorter than that of G77-61 and the three new systems reported here. This short period implies a different orbital evolution during the mass-transfer process. Other spectroscopic binaries are being found in a new survey of dC stars (Whitehouse et al. in preparation) . for normal binaries. These facts indicate a previous phase of orbital dissipation during mass transfer from an AGB companion, likely during wind accretion from the companion. The orbits of the three dC binaries in this paper are consistent with this picture. The three binaries have periods 450-4100 days, and their eccentricites are small. Using the parallaxes in Table 1 , the amplitudes of the photocenter orbits in Table 3 are 0.9, 1.6, and 3.1 AU. The true orbits will be larger if the secondary star is contributing significant light to the photocenter. Because the data are taken with a red filter (the wide-R A2-1 filter for LP758-43, and I-2 for the other two binaries), and the companions are likely to be white dwarfs, we expect that not much light is contributed by the companions. These amplitudes are comparable to those for the CH and Ba stars studied by McClure, and similar to the maximum size of the AGB star thought to be the source of the carbon-rich material transfered to the dC star we see now.
The binaries found in this paper are expected to be those with long periods among nearby targets, because they will have the largest apparent (angular) orbits that are easiest to detect astrometrically. It is likely that more binaries with smaller astrometric amplitudes are undetected in our sample. Indeed, the high frequency of binaries being found using radial velocites (Whitehouse et al. in preparation) indicates that most or all dC stars are now in binaries with white dwarf companions. Further study, and the determination of their orbits, can confirm this expectation. Figure 4 shows that the stars in this sample have J − K S colors redder than oxygenrich dwarfs and subdwarfs. Presumably, their J-band flux is suppressed by CN absorption, although some contribution from K S -band brightening from dust emission in a few stars is possible. The subdwarf LHS466, taken from Dahn et al. (2017) Using J − K S colors to separate dC stars from the far more common oxygen-rich dwarfs may provide an important means of identifying a complete sample of dC stars in the solar neighborhood. This step will be necessary to avoid the selection effects in the present discovery of dC stars from SDSS, and thus in the sample in this paper. Therefore, Figure 4 may provide a procedure to utilize Gaia data for an expanded sample to facilitate understanding the true range of properties of these stars. Figure 5 shows a color-absolute magnitude diagram of the stars in this paper. They cover a range of M V of 7.9-12.4, and are subluminous by up to 3 mag in M V . We see that the close agreement of M V for the first 3 dCs with parallaxes (Harris et al. 1998 ) was apparently fortuitous. Using the degree of subluminosity in Figure 5 , together with their tangential velocities from (Farihi et al. 2018) .
The first dwarf carbon star (G77-61) was identified as a dwarf from its parallax as measured by the USNO plate parallax program (Dahn et al. 1977) . 40 years later, parallaxes have been measured for only 20 additional dwarf carbon stars, all by the USNO CCD parallax program, including the 20 presented in this paper. Gaia DR2 will probably have parallax data for most of the stars in this paper (Katz & Brown 2017) . The faintest stars may have G > 20, fainter than the limit for DR2, and a few are likely to have a binary perturbation detected by Gaia, and will be omitted from DR2 until a later data release. For the stars that are in DR2, the formal error of the DR2 parallaxes is estimated to be 0.1 -0.7 mas for the magnitude range of our dC sample. Therefore, DR2 data probably will improve on the conclusions of this paper, other than the topic of binary perturbations that DR2 will not address. Later data releases from Gaia will certainly improve on the distances, the bi-1 Neither the tangential velocity nor the "subluminosity" in Figure 5 are necessarily reliable indicators of the population of a star. Halo stars can by chance have a small tangential velocity, and disk stars can acquire high velocities through dynamical interactions. The highvelocity dC star found by Plant et al. (2016) is discussed as possibly having acquired its high velocity by ejection from a binary. Stars positions in Figure 5 are affected by the distorted spectral energy distribution of dC stars, most importantly by absorption in V by the C 2 Swan bands that shift V − I toward a redder color for stars with strong bands. A diagram plotting luminosity versus temperature would be preferable. nary characteristics, and the sample size available to understand dC stars.
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